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. .  

ABSTRACT 

A s m a l l  s e n s i t i v e  t i m e - o f - f l i g h t  mass s p e c t r o m e t e r  

is b e i n g  developed  which  appears  t o  f u l f i l l  t h e  

n e c e s s a r y  r equ i r emen t s  f o r  an i o n o s p h e r i c  p r o b e .  

The i n s t r u m e n t ' s  s m a l l  s i ze  and l i g h t  weight  a l o n g  

w i t h  i ts h i g h  s e n s i t i v i t y  and a b i l i t y  t o  o p e r a t e  a t  

r e l a t i v e l y  h igh  p r e s s u r e s  make it  a d e s i r a b l e  t o o l  

for i n v e s t i g a t i n g  t h e  i o n  composi t ion  of t h e  D and 

E r e g i o n s  of t h e  ionosphe re .  P r e l i m i n a r y  r e s u l t s  

a r e  d i s c u s s e d .  

i 



CHAPTER I 

I NTRODUCT I ON 

1.1 A p p l i c a t i o n  of Mass Spec t romete r s  t o  I o n o s p h e r i c  
Composi t ion I n v e s t i g a t i o n s  

During t h e  p a s t  f i f t e e n  yea r s  much work h a s  been done 

u t i l i z i n g  mass s p e c t r o m e t e r s  t o  i n v e s t i g a t e  i o n o s p h e r i c  

p a r t i c l e  compos i t ion .  The b a s i c  t y p e  of i n s t r u m e n t s  used 

i n  i o n o s p h e r i c  r o c k e t  probes  t o  d a t e  have been t h e  

B e n n e t t  r f  mass s p e c t r o m e t e r ,  t h e  quadrupole  mass f i l t e r ,  

pulsed-beam t ime-of-f  l i g h t  s p e c t r o m e t e r s  , and s m a l l  

magnet ic  s e c t o r  s p e c t r o m e t e r s .  

E a r l y  expe r imen t s  of Johnson and coworkers  (1955- 

1958) used Bennet t - type  rf s p e c t r o m e t e r s  which sampled 

t h e  mass spec t rum between 5 amu and 48 amu once p e r  second 

w i t h  a r e s o l v i n g  power of 2 5 .  Data was o b t a i n e d  a t  

a l t i t u d e s  r a n g i n g  from 100 km t o  160 km. 

Saye r s  (1959) has  d e s c r i b e d  a l a r g e - a p e r t u r e  

t i m e - o f - f l i g h t  mass spec t romete r  of c y l i n d r i c a l  geomet,ry 

which was s u b s e q u e n t l y  f lown by MacKenzie (1964) .  T h i s  

i n s t r u m e n t  o p e r a t e d  a t  a l t i t u d e s  r a n g i n g  from 90 km t o  

160 km. The dimensions of t h i s  i n s t r u m e n t  were r a t h e r  

l a r g e  f o r  a f l y a b l e  mass s p e c t r o m e t e r  and a f a i r l y  l a r g e  

r o c k e t  was r e q u i r e d  t o  f l y  i t .  

N a r c i s i  and coworkers (1965) have s u c c e s s f u l l y  

f lown a quadrupole  mass f i l t e r  c a p a b l e  of de t e rmin ing  t h e  

i o n  compos i t ion  of t h e  D r eg ion  of t h e  i o n o s p h e r e ,  

i . e .  a l t i t u d e s  from 60 km t o  100 km. The u s e  of 
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quadrupole  s p e c t r o m e t e r s  f o r  l o w  a l t i t u d e  r o c k e t  p r o b e s  

r equ i r e s  t h e  employment of 1 i q u  id-  n i  t r ogen- c h i  1 1 ed  z e o  1 i t e 

pumps t o  r educe  t h e  i n s t r u m e n t  p r e s s u r e  t o  i ts  o p e r a t i n g  

r a n g e .  N a r c i s i  was a b l e  t o  make measurements s t a r t i n g  a t  

60 km and i n  t h e  e a r l y  work a r e s o l v i n g  power of 16  was 

o b t a i n e d .  

Hoffman (1965) h a s  deve loped  a 1 . 5  i n c h  60 d e g r e e  

s e c t o r - f i e l d  mass s p e c t r o m e t e r  s u i t a b l e  f o r  i o n  

composi t ion  i n v e s t i g a t i o n s  u t i l i z i n g  h i g h  a l t i t u d e  r o c k e t s  

and s a t e l l i t e s .  T h i s  i n s t r u m e n t  h a s  been d e s i g n e d  

p r i m a r i l y  f o r  t h e  i n v e s t i g a t i o n  of t h e  F1 and Fa r e g i o n s  

encompassing a l t i t u d e s  f rom 200 km up .  

I n  a d d i t i o n  t o  t h e  i o n  compos i t ion  i n v e s t i g a t i o n s  

mentioned above ,  S c h a e f f e r  (1963) has  f lown a quadrupo le  

mass f i l t e r  w i t h  a n  i o n i z a t i o n  s o u r c e  i n  o r d e r  t o  

i n v e s t i g a t e  n e u t r a l  p a r t i c l e  compos i t ion  between 95  km 

and 135 km. N i e r  and coworkers  (1965) have used  a 90 

d e g r e e  magnet ic  s e c t o r  s p e c t r o m e t e r  t o  s t u d y  n e u t r a l  

composi t ion  between 100 km and 200 km. T h i s  i n s t r u m e n t  

is c a p a b l e  of  d e t e c t i n g  masses  i n  t h e  r a n g e  2 amu t o  

50 amu. S p u t t e r  pumps a r e  used  t o  r e d u c e  t h e  i n s t r u m e n t  

p r e s s u r e  t o  o p e r a b l e  l e v e l s .  
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1 2 Advantages of  Using a Pulsed-Beam Time-of-Fl ight  
Mass Spec t romete r  f o r  I o n o s p h e r i c  I n v e s t i g a t i o n  

The b a s i c  r e q u i r e m e n t s  of any mass s p e c t r o m e t e r  

i n t e n d e d  f o r  a i r b o r n e  i o n  compos i t ion  i n v e s t i g a t i o n s  a r e  

a s  f o l l o w s :  The s p e c t r o m e t e r  shou ld  e x h i b i t  s i m p l i c i t y  of 

d e s i g n  and c o n s t r u c t i o n  i n  o r d e r  t o  i n s u r e  r e l i a b i l i t y ,  

The a s s o c i a t e  e l e c t r o n i c  c i r c u i t r y  s h o u l d  a l s o  be s i m p l e  

and r e l i a b l e .  Due t o  t h e  s i z e  and w e i g h t  l i m i t a t i o n s  

i n h e r e n t  i n  a n  a i r b o r n e  p robe ,  t h e  s p e c t r o m e t e r  must be 

s m a l l  i n  p h y s i c a l  s i z e .  A t i m e - o f - f l i g h t  mass s p e c t r o -  

meter c a n  be c o n s t r u c t e d  which f u l f i l l s  a l l  of t h e  above 

r e q u i r e m e n t s  

The more fundamenta l  problems i n v o l v e d  i n  d e s i g n i n g  

a p u l s e d  beam mass s p e c t r o m e t e r  c a p a b l e  of  y i e l d i n g  u s e f u l  

i n f o r m a t i o n  abou t  t h e  D r e g i o n  of  t h e  i o n o s p h e r e  can  a l s o  

be r e s o l v e d .  During t h e  d a y t i m e  t h e  n e g a t i v e  i o n  concen- 

t r a t i o n s  i n  t h e  B r e g i o n  a r e  expec ted  t o  be much s m a l l e r  

t h a n  t h e  p o s i t i v e  i o n  c o n c e n t r a t i o n s .  The p u l s i n g  r e g i o n  

of a t i m e - o f - f l i g h t  mass s p e c t r o m e t e r  may be made l a r g e  

enough t h a t  i t s  i o n  g a t h e r i n g  c a p a c i t y  w i l l  be s u f -  

f i c i e n t  f o r  b o t h  p o s i t i v e  and n e g a t i v e  i o n  compos i t ion  

i n v e s t i g a t i o n s .  I t  always is p o s s i b l e  t o  f l y  a n  e l e c t r o n  

bombardment i o n  s o u r c e  i n  c o n j u n c t i o n  w i t h  a s p e c t r o m e t e r  

of t h i s  n a t u r e  and hence n e u t r a l  p a r t i c l e  i n v e s t i g a t i o n s  

a r e  p o s s i b l e .  A t i m e - o f - f l i g h t  mass s p e c t r o m e t e r  may be  

c o n s t r u c t e d  which w i l l  o p e r a t e  a t  t h e  h i g h  p r e s s u r e s  
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i nvo lved  i n  D r e g i o n  e x p e r i m e n t s .  The i o n  f l i g h t  p a t h  of 

t h e  s p e c t r o m e t e r  may be made s u f f i c i e n t l y  s h o r t  t o  r e d u c e  

p a r t i c l e  c o l l i s i o n s  a t  t h e s e  h i g h  p r e s s u r e s .  

The s m a l l  s i ze  of an  i n s t r u m e n t  of t h i s  n a t u r e  y i e l d s  

even f u r t h e r  a d v a n t a g e s .  I t  w i l l  be p o s s i b l e  t o  u s e  two 

o r  more of t h e s e  s p e c t r o m e t e r s  i n  one r o c k e t  probe  u t i l i z -  

i n g  t h e  same e l e c t r o n i c  s y s t e m s .  T h i s  would i n c r e a s e  t h e  

r e l i a b i l i t y  of a g i v e n  expe r imen t  and p r o v i d e  c r o s s  

checks of t h e  performance of each  i n s t r u m e n t .  I n  

a d d i t i o n ,  i t  w i l l  be p o s s i b l e  t o  u t i l i z e  s m a l l  i n e x p e n s i v e  

r o c k e t s  f o r  i n d i v i d u a l  p r o b e s .  

I t  is n e c e s s a r y  t o  p o i n t  o u t  t h a t  t h e  major  d i s -  

advantage  of t i m e - o f - f l i g h t  s p e c t r o m e t e r s  u sed  i n  

a tmospher ic  i n v e s t i g a t i o n  is t h e  l i m i t e d  r e s o l v i n g  power 

of t h e  i n s t r u m e n t .  The s i z e  r e q u i r e m e n t s  of an a i r b o r n e  

in s t rumen t  p r e c l u d e  t h e  p o s s i b i l i t y  of i n c o r p o r a t i n g  a 

l o n g  ion  f l i g h t  p a t h  i n  t h e  s p e c t r o m e t e r .  T h i s  l i m i t s  

t h e  maximum a t t a i n a b l e  r e s o l v i n g  power.  Kenda l l  (1961,  

1962,  and 1966)  and Z a b i e l s k i  (1966) ,  have  shown t h a t  i t  

is p o s s i b l e  t o  i n c r e a s e  t h e  e f f e c t i v e  i n s t r u m e n t  r e s o l v i n g  

power by a f a c t o r  of s i x  o r  more u t i l i z i n g  a n a l o g  d a t a  

p r o c e s s i n g  methods.  Hence d e v i c e s  of low r e s o l u t i o n  b u t  

h i g h  s e n s i t i v i t y  can  be q u i t e  u s e f u l  i n  d e t e r m i n i n g  

i o n o s p h e r i c  c o n s t i t u e n t s .  
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1 .3  Survey of Major Work on Time-of-Fl ight  Mass 
$pec t r  ome t e r s  

A g  a consequence of t h e  major e l e c t r o n i c  advances  

b rough t  abou t  by World War 11, t h e  p u l s e d  beam time-of- 

f l i g h t  mass s p e c t r o m e t e r  became f e a s i b l e .  The 

i n s t r u m e n t  was f i r s t  proposed by S tephens  (1944) and 

models were c o n s t r u c t e d  by Cameron and Eggers  (1945) ,  by 

Kel ler  (1949) ,  by Takekoshi  (1951) ,  and by Wolff and 

S t e p h e n s  (1953) .  These i n s t r u m e n t s  a l l  o p e r a t e d  on t h e  

p r i n c i p l e  t h a t  i o n s  of g i v e n  ene rgy  and d i f f e r e n t  mass 

t o  c h a r g e  r a t i o s  r e q u i r e  d i f f e r e n t  t i m e s  t o  t r a v e r s e  a 

g i v e n  d i s t a n c e .  The i n s t r u m e n t s  ment ioned above were 

s e v e r e l y  l i m i t e d  i n  r e s o l v i n g  power' because  of poor  

s p a c e  f o c u s i n g  p r o p e r t i e s  and r e l a t i v e l y  poor  f r equency  

r e s p o n s e  of t h e  a m p l i f i e r s  used i n  t h e  d e t e c t i n g  c i r c u i t s .  

The re  have been s e v e r a l  major improvements t o  t ime-of-  

f l i g h t  mass s p e c t r o m e t e r s  a n d  some of t h e s e  w i l l  be 

d i s c u s s e d  below 

Glenn (1951 and 1952) c o n s t r u c t e d  a n  i n s t r u m e n t  i n  

which t h e  i o n s  a r e  s u b j e c t e d  t o  an  r f  s awtoo th  v o l t a g e  and 

a d c  a c c e l e r a t i n g  p o t e n t i a l .  T h i s  s p e c t r o m e t e r  c o n s i s t s  

b a s i c a l l y  of an  i o n  s o u r c e ,  bunching g r i d s ,  g a t i n g  g r i d s ,  

and d e t e c t i o n  a p p a r a t u s .  The i o n s  a r e  a c c e l e r a t e d  t o  t h e  

bunching  g r i d s  by a dc p o t e n t i a l .  T h i s  a c c e l e r a t i n g  

f i e l d  is of such  a n a t u r e  t h a t  t h e  t i m e  t h e  i o n s  spend 

between t h e  bunching g r i d s  i s  s h o r t  i n  compar ison  t o  t h e  

'See S e c t i o n  5 . 3 0 .  
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p e r i o d  of  v o l t a g e  change on t h e  bunching g r i d s .  It may 

be shown t h a t  t h o s e  i o n s  homogeneous i n  mass t o  c h a r g e  

r a t i o  w i l l  a r r i v e  a t  t h e  g a t i n g  g r i d s  a t  a p r e c i s e  i n s t a n t  

i n  time independent  of t h e  t i m e  t h e y  l e a v e  t h e  bunching 

g r i d s  i f  t h e  v o l t a g e  on t h e  buncher  g r i d  i n c r e a s e s  

l i n e a r l y  w i t h  t i m e .  I o n s  which t r a v e l  t h rough  t h e  buncher  

g r i d  first r e c e i v e  less  ene rgy  t h a n  t h o s e  moving through 

t h e  buncher g r i d  a t  some l a t e r  i n s t a n t  i n  t i m e ,  The 

a p p r o p r i a t e  waveform f o r  t h e  buncher  g r i d  is t h u s  an rf 

sawtooth  v o l t a g e .  The bunched i o n s  a r r i v e  a t  a g a t e  g r i d  

and a t  t h e  a p p r o p r i a t e  t i m e  a p u l s e  is  a p p l i e d  which 

a c c e l e r a t e s  t h e  i o n  bunch toward t h e  c o l l e c t o r ,  T h i s  

g a t e  p u l s e  i n s u r e s  t h a t  a l l  i o n s  which do n o t  have t h e  

a p p r o p r i a t e  f l i g h t  t i m e  do n o t  r e a c h  t h e  c o l l e c t o r ,  

K a t z e n s t e i n  and F r i e d l a n d  (1955) a l s o  showed t h a t  

improved s i g n a l  t o  n o i s e  r a t i o  was p o s s i b l e  i f  one used  a 

g a t e d  c o l l e c t o r  s y s t e m ,  The g a t e  p e r m i t s  o b s e r v a t i o n  of 

o n l y  one mass a t  a t i m e  and i t  is p o s s i b l e  t o  i n t e g r a t e  

t h e  ion  c u r r e n t  c o r r e s p o n d i n g  t o  any mass ove r  a l a r g e  

number of  p u l s e s .  S i n c e  t h e  s i g n a l  adds  a r i t h m e t i c a l l y  

and t h e  n o i s e  adds randomly,  t h e  s i g n a l  t o  n o i s e  r a t i o  is 

much improved. I t  was p o s s i b l e  t o  s c a n  t h e  mass spec t rum 

compara t ive ly  s l o w l y ,  r e s u l t i n g  i n  good r e s o l u t i o n  between 

a d j a c e n t  mass peaks  i n  s p i t e  of t h e  t h e n  e x i s t i n g  low 

bandpass  a m p l i f i e r s .  
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Wiley and  McLaren (1955) o b t a i n e d  improved r e s o l v i n g  

power by r e d e s i g n i n g  t h e  i o n  gun o r  s o u r c e  r e g i o n .  The 

i o n  gun c o n t a i n s  two d i s t i n c t  a c c e l e r a t i n g  r e g i o n s  which 

makes p o s s i b l e  t h e  f o c u s i n g  of t h e  i n i t i a l  s p a c e  d i s t r i -  

b u t i o n  of  t h e  i o n s  under  i n v e s t i g a t i o n .  The r e s o l v i n g  

power of a t i m e - o f - f l i g h t  mass s p e c t r o m e t e r  depends on its 

a b i l i t y  t o  r e d u c e  t h e  t i m e  s p r e a d  c a u s e d  by t h e  i n i t i a l  

s p a c e  and ene rgy  d i s t r i b u t i o n s  of i o n s  under  f o r m a t i o n .  

'The s p a c e  f o c u s i n g  of  t h i s  i n s t r u m e n t  depends  upon t h e  

f a c t  t h a t  a n  i o n  formed i n i t i a l l y  c l o s e r  t o  t h e  d e t e c t o r  

a c q u i r e s  l e s s  ene rgy  t h a n  a n  i o n  formed c l o s e  t o  t h e  

p u l s e d  g r i d .  Hence t h e  i o n  formed c l o s e  t o  t h e  p u l s e d  

g r i d  w i l l  e v e n t u a l l y  o v e r t a k e  a n  i o n  formed c l o s e r  t o  t h e  

d e t e c t o r .  I t  is p o s s i b l e  t o  o b t a i n  an  e x p r e s s i o n  f o r  t h e  

p o i n t  where two i o n s  of g iven  c h a r g e  t o  mass r a t i o  w i l l  

o v e r t a k e  each  o t h e r .  The c o l l e c t o r  is t h e n  l o c a t e d  a t  

t h i s  p o i n t  and s p a c e  f o c u s i n g  is a c h i e v e d .  I t  is a l s o  

p o s s i b l e  t o  minimize t h e  e f f e c t s  of t h e  i n i t i a l  v e l o c i t y  

s p r e a d  of i o n s  undergoing  f o r m a t i o n .  T h i s  is accomplished 

b y  a d j u s t i n g  t h e  g r i d  s p a c i n g s  i n  t h e  s o u r c e .  

A t  a b o u t  t h e  same t i m e  Agishev and Ionov (1956) 

d e s c r i b e d  an  i n s t r u m e n t  a lmost  i d e n t i c a l  i n  p r i n c i p l e  t o  

t h a t  o f  W i l e y  and McLaren. They improved a g a t e d  mass 

s p e c t r o m e t e r  d e s c r i b e d  e a r l i e r  by Ionov and Mamyrin 

(1953)  which i n c o r p o r a t e d  wha t  was e s s e n t i a l l y  a doub le  

f i e l d  s o u r c e .  The s p e c t r o m e t e r  of Ionov and Mamyrin 
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developed a r e s o l v i n g  power of abou t  55 ,  whereas  t h e  

s p e c t r o m e t e r  of Agishev and Ionov developed  a r e s o l v i n g  

power comparable  t o  t h a t  of W i l e y  and McLaren, a b o u t  200.  

These i n s t r u m e n t s  have t h e  advan tage  t h a t  t h e  mass 

spec t rum may be scanned  v e r y  r a p i d l y  and a v i s u a l  r e c o r d  

is a v a i l a b l e  i n  t h e  form of a t r a c e  on a n  o s c i l l o s c o p e .  

The r e s o l u t i o n  is l i m i t e d  main ly  by t h e  e l e c t r o n i c s  af 

t h e  c o l l e c t o r  s y s t e m .  

Borovik and  G r i s h i n  (1959) have shown t h a t  i t  is 

p o s s i b l e  t o  i n c r e a s e  t h e  s e n s i t i v i t y  of t h e  doub le  f i e l d  

t i m e - o f - f l i g h t  mass s p e c t r o m e t e r  by i n c r e a s i n g  t h e  c r o s s  

s e c t i o n a l  a r e a  of t h e  i o n  beam. I n  o r d e r  t o  i n c r e a s e  

t h e  i o n i c  c u r r e n t ,  t h e  d imens ions  of t h e  g r i d s  w e r e  made 

s u f f i c i e n t l y  l a r g e  s o  t h a t  t h e  c r o s s  s e c t i o n  of t h e  i o n i c  

beam was 36 c m  . The r e s o l v i n g  power of t h i s  i n s t r u m e n t  

was not  g r e a t e r  t h a n  1 0 .  

2 

Sakseev (1965) h a s  shown t h a t  i t  is p o s s i b l e  t o  

c o n s t r u c t  a s m a l l  t i m e - o f - f l i g h t  m a s s  s p e c t r o m e t e r  

u t i l i z i n g  t h e  doub le  f i e l d  i o n  s o u r c e  which w i l l  o p e r a t e  

a t  r e l a t i v e l y  h igh  p r e s s u r e s ,  i . e .  u p  t o  1 x 10 t o r r .  

The r e s o l v i n g  power of t h i s  d e v i c e  was abou t  25.  

- 3  
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CHAPTER I1 

STATEMENT OF PROBLEM 

The s p e c i f i c  problem is t h e  development of a s m a l l ,  

s e n s i t i v e  t i m e - o f - f l i g h t  mass s p e c t r o m e t e r  c a p a b l e  of  

y i e l d i n g  i n f a r m a t i o n  concern ing  p o s i t i v e  and n e g a t i v e  i o n  

c o n c e n t r a t i o n s  i n  t h e  D and E r e g i o n s  of t h e  i o n o s p h e r e .  

T h i s  t h e s i s  d e s c r i b e s  a mass s p e c t r o m e t e r  of  wedge-shaped 

geometry which f u l f i l l s  t h e  above r e q u i r e m e n t s .  I t  is 

a l s o  shown t h a t  t h i s  s p e c t r o m e t e r  h a s  a d v a n t a g e s  ove r  

p r e v i o u s  s p e c t r o m e t e r s  which have been used  i n  s i m i l a r  

i n v e s t i g a t i o n s .  



CHAPTER 11'1 

THEORY OF OPERAT103 

3 . 1  The L i n e a r  Pulsed-Beam Mass Spec t romete r  -_ 
------____e__ 

The conven t ion  which w i l l  be fo l lowed  i n  l a b e l i n g  

t h e  g r i d s  of any mass s p e c t r o m e t e r  d e s c r i b e d  i n  t h i s  

t h e s i s  is a s  f o l l o w s ,  A l l  g r i d s  w i l l  be  numbered from 

s o u r c e  t o  c o l l e c t o r  w i t h  s u c c e s s i v e  g r i d s  l a b e l e d  w i t h  

i n c r e a s i n g  numbers. 

The l i n e a r  pulsed-beam t i m e - o f - f l i g h t  mass 

s p e c t r o m e t e r  a s  deve loped  by Wiley and McLaren is 

i l l u s t r a t e d  i n  F i g u r e  1, While t h e  i o n s  a r e  b e i n g  formed 

by e l e c t r o n  bombardment between g r i d s  1 and 2 t h e  

p o t e n t i a l s  on t h e  two g r i d s  a r e  approx ima te ly  e q u a l ,  

The second r e g i o n ,  between g r i d s  2 and 3 ,  h a s  a c o n s t a n t  

e l e c t r i c  f i e l d  Ed and t h e  r e g i o n  D is f i e l d  f r e e .  

a r e  a c c e l e r a t e d  o u t  of t h e  r e g i o n  between 1 and 2 by a 

p u l s e  a p p l i e d  t o  1, The t o t a l  t i m e  t a k e n  f o r  an i o n  

I o n s  

formed a t  t h e  p o i n t  s having  c h a r g e  q and mass m t o  

t r a v e r s e  t h e  l e n g t h  of t h e  s p e c t r o m e t e r  w i l l  be  

D T - T  + T  t T  
S d 

where Ts is t h e  t i m e  t a k e n  f o r  t h e  i o n  t o  t r a v e l  from 

p o i n t  s t o  t h e  g r i d  2 ,  and Td and  TD a r e  t h e  t i m e s  t h e  i o n  

spends  i n  t h e  r e g i o n s  d and D r e s p e c t i v e l y .  

i s  t h e  e l e c t r i c  p o t e n t i a l  a t  t h e  p o i n t  s ,  r e l a t i v e  t o  t h e  

Suppose VS 
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p o t e n t i a l  o f  g r i d  2 ,  when t h e  p u l s e  is a p p l i e d .  Then an  

i o n  formed a t  s w i l l  e x p e r i e n c e  a f o r c e  

where Us is t h e  ene rgy  g a i n e d  by t h e  i o n  i n  moving th rough  

t h e  d i s t a n c e  s. Hence 

. .  

and 

dv - 1 
d t  m s  us 
- - -  

Equat ion  4 may be  i n t e g r a t e d  from vo t o  v 

t h e  v e l o c i t y  of  t h e  i o n ,  W e  t h e n  have 

where v is  
S 0 

U 

rns 
v O  

Equat ion  5 y i e l d s  

v + v  = -  U T  s -  o m s  s s  

( 5 3  

The + s i g n  i n d i c a t e s  t h a t  t h e  ion may have a component of 

v e l o c i t y  i n  e i t h e r  t h e  p o s i t i v e  or n e g a t i v e  d i r e c t i o n .  

- 
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- m s  
Ts--g- 

S 

From Equat ion  6 w e  have 

%) 1 /2  2UO) 1 /2  + ( ? + -  2u0 
m 2 (- m 

V s = - U T  1 + (-) 2uo 1 /2  
m s  s s -  m (7) 

where Uo is t h e  i n i t i a l  e n e r g y  o f  f o r m a t i o n  of t h e  i o n ,  o r  

t h e  ene rgy  due t o  t h e  r e l a t i v e  motion o f  t h e  s p e c t r o m e t e r  

and i o n .  Per forming  a n o t h e r  i n t e g r a t i o n  of Equa t ion  7 ,  

w e  ge t  
S 2 2uo 1 / 2  s = Ts 2 (7) TS 

U 

S o l v i n g  t h e  q u a d r a t i c  e q u a t i o n  f o r  Ts w e  o b t a i n  

L 
or 

(9) 

where Es is t h e  e l e c t r i c  f i e l d  between g r i d s  1 and 2. 

a n  a n a l o g o u s  manner one may show t h a t  f o r  t h e  r e g i o n  

between g r i d s  2 and 3 ,  

I n  
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where U i s  t h e  t o t a l  e n e r g y ,  i . e .  

U = U + q s E s  + gdEda (13)  
0 

S i n c e  t h e  e l e c t r i c  f i e l d  is zero i n  t h e  r e g i o n  D w e  have 

D TD e- 
d V 

and 
2u 1 /2  

V d  = (,> 

hence 

(15) 

Space f o c u s i n g  is independen t  upon t h e  f a c t  t h a t  a n  

i o n  formed i n i t i a l l y  c loser  t o  2 a c q u i r e s  l e s s  ene rgy  

t h a n  an i o n  formed c lose  t o  1. Hence t h e  i o n  formed c lose  

t o  1 w i l l  e v e n t u a l l y  o v e r t a k e  an  i o n  formed c lose  t o  2 ,  

I n  o r d e r  t o  i n v e s t i g a t e  t h e  s p a c e  f o c u s i n g  f o r  f i x e d  

g r i d  s p a c i n g s ,  p e r h a p s  t h o s e  s u i t a b l e  for a f l y a b l e  mass 

s p e c t r o m e t e r ,  we assume t h a t  t h e r e  is n o  i n i t i a l  ene rgy  

s p r e a d ,  I n  t h i s  c a s e  Equat ion  1 becomes 

f 

(17) 

where Vs+Vd and  Vd a r e  t h e  p o t e n t i a l s  a t  p o i n t  s and  

g r i d  2 r e s p e c t i v e l y .  L e t  t h e  d i s t a n c e  between g r i d s  1 
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and 2 of F i g u r e  1 be . 4 8  c m ,  t h e  d i s t a n c e  between g r i d s  

2 and 3 be .48  c m ,  and t h e  d i s t a n c e  between g r i d  3 and 

t h e  c o l l e c t o r  be 4 .12  c m .  We now l o c a t e  t h ree  i o n s  of 

t h e  same mass t o  cha rge  r a t i o  i n  t h e  p u l s i n g  r e g i o n  a t  

t h e  p o i n t s  s 0 - b ,  so, and so + 
and As is .16 c m .  We w i s h  t o  i n v e s t i g a t e  t h e  d i f f e r e n c e  

i n  f l i g h t  t i m e s  of these i o n s  a s  a f u n c t i o n  of t h e  r a t i o  

of v o l t a g e s  on g r i d s  1 and 2 when t h e  p u l s e  is a p p l i e d .  

Three  t i m e  d i f f e r e n c e s  a r e  d e f i n e d  a s  f o l l o w s ,  

where so is . 24  c m  

AT1 = T1 - T2 

AT2 = T2 - T3 4191 

and 

T1 is t h e  t i m e  of f l i g h t  o f  t h e  i o n  l o c a t e d  a t  so-&, T2 

is t h e  t i m e  of f l i g h t  of t h e  i o n  l o c a t e d  a t  so, and T3 is 

t h e  t i m e  of f l i g h t  of t h e  i o n  l o c a t e d  a t  so+&. F i g u r e 2  

is a p l o t  of these t i m e  d i f f e r e n c e s  a s  a f u n c t i o n  of t h e  

r a t i o  of v o l t a g e s  on g r i d s  1 and 2 ,  V1/V2. 

f o c u s i n g  is c l e a r l y  demonst ra ted  and is b e s t  f o r  a v o l t a g e  

r a t i o  of 2 .15/1 .  

The s p a c e  
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3.2 A Proposed C y l i n d r i c a l  Pulsed-Beam Mass Spec t romete r  

F i g u r e  3 i l l u s t r a t e s  a t op  view of a proposed  l a r g e -  

a p e r t u r e  c y l i n d r i c a l  t i m e  of f l i g h t  mass s p e c t r o m e t e r .  

The d e v i c e  c o n s i s t s  o f  t h r e e  c y l i n d r i c a l  g r i d s  and a f i n e  

w i r e  c o l l e c t o r .  The problem of f i n d i n g  t h e  t i m e  of f l i g h t  

o f  a n  i o n  i n t r o d u c e d  i n t o  t h e  p u l s i n g  r e g i o n  d i r e c t l y  

t h r o u g h  t h e  f i r s t  g r i d  r educes  t o  f i n d i n g  t h e  s o l u t i o n  t o  

L a p l a c e ' s  e q u a t i o n  

-2 v v = o  

i n  c y l i n d r i c a l  c o o r d i n a t e s .  The s o l u t i o n  t o  Equa t ion  21  

for a c y l i n d r i c a l  symmetr ic  s y s t e m  is 

dV A 
d r  r 
- = -  

where V is t h e  e l e c t r i c  p o t e n t i a l  a t  r and A is a con- 

s t a n t .  I n t e g r a t i n g  Equat ion  22 one o b t a i n s  

V ( r )  = Alnr  + B 

where B is a c o n s t a n t  of  i n t e g r a t i o n .  Applying t h e  

boundary c o n d i t i o n s  a t  ra and rb y i e l d s  

V = A l m a  + B a 

and 
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V = Alnrb  + B b 

S o l v i n g  these e q u a t i o n s  f o r  t h e  c o n s t a n t s  A and B y i e l d s  

and 

hence  

(27) 

I n  t h e  second r e g i o n  between rb and rc t h e  p o t e n t i a l  i s ,  

a n a l o g o u s l y ,  

r 
rb  

I n  - + V b .  

If we assume t h a t  t h e  g r i d  l o c a t e d  a t  rc h a s  a p o t e n t i a l  

of z e r o  v o l t s  t h e n  Equa t ion  29 becomes 

r 
V 

~ ( ~ 1  = I n  rb/rc r I n  - + V b '  
b 

b 

S i n c e  t h e  g r i d  a t  rc is a t  ground p o t e n t i a l  w e  have  f o r  

t h e  r e g i o n  between t h e  t h i r d  g r i d  and t h e  c o l l e c t o r ,  

v ( r )  = 0 .  (311 
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I n  o r d e r  t o  o b t a i n  t h e  e l e c t r i c  f i e l d s  i n  each  r e g i o n ,  

t h e  g r a d i e n t s  of Equa t ions  2 8 ,  29,  and 31, must be  t a k e n ,  

For  c y l i n d r i c a l  symmetry i t  is o n l y  n e c e s s a r y  t o  t a k e  

t h e  r component, 

Hence t h e  f i e l d  between ra and rb  is found by u s i n g  

Equat ions  32 and 28 and is 

S i m i l a r l y  f o r  t h e  secopd r e g i o n  

-vb 
= 

E2 r l n  rb/rc 

and the  t h i r d  r e g i o n  

E3 = 0 

(. 3 4 '1 

6359 

I t  remains t o  f i n d  t h e  t o t a l  t r a n s i t  t i m e  of an  i o n  of 

c h a r g e  q and mass m s u b j e c t e d  t o  t h e  f i e l d s  of Equa t ions  

33, 34 ,  and 35 .  ,This t i m e  w i l l  be 

f T2 T3 1 T = T  
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where T I ,  T 2 ,  and T a r e  t h e  t i m e s  t h e  i o n  s p e n d s  i n  each 

r e s p e c t i v e  r e g i o n .  The e q u a t i o n  of motion of an i o n  

l o c a t e d  a t  rs ,  where r >r 7rb, is  

3 

a s  

- q (VS - Vb> 2 d r  
d t 2  r I n  rs/rb 

m - =- 

We now d e f i n e  a c o n s t a n t  K by 

and 37 becomes 
2 d r  

d t 2  
K/r - =  

We d e f i n e  P t o  be t h e  r a d i a l  v e l o c i t y  

d r  p = -  
d t  

Hence 

- = -  d 2 r  dP 
d t  d t 2  

and 

dP dP d r  
d t  d r  d t  * 

- = - -  

From Equa t ions  41 and 42 w e  have 

(37)  

(39)  

(40)  

dP 
d r  

2 

d t 2  
- =  d r  p -  (43 1 



-22- 

and from Equa t ions  39 and 43 w e  o b t a i n  

dP 
d r  P - = K / r  

I n t e g r a t i n g  Equa t ion  44 w e  g e t  

-- P2 = K l n r  + C 
2 (45) 

where 6 i s  t h e  i n t e g r a t i o n  c o n s t a n t .  I f  t h e  i o n  is 

i n t r o d u c e d  i n t o  t h e  s p e c t r o m e t e r  t h rough  t h e  f i r s t  g r i d  

and has  a n  i n i t i a l  v e l o c i t y  component lvol a t  t h e  t i m e  

t h e  a c c e l e r a t i n g  f i e l d  El is a p p l i e d ,  t h e n  a t  t i m e  

t = 0 ,  P = v a t  r = r Applying t h e s e  bound- 

a r y  c o n d i t i o n s  t o  Equa t ion  45 w e  o b t a i n  
0 s 

and 

hence 

2 
- =  vo Klnrs  + C 

2 

2 
V 

- =  P2 Kln  r/rS + 02y 0 .  
2 

Using t h e  d e f i n i t i o n  of P and r e a r r a n g i n g  t e r m s  i n  

Equat ion 48 y i e l d s  

d r  
2) 1/2  

d t  = 

0 (2Kln r/rS + v 

(46 :a 
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and t h e  i n t e g r a l  is 

1 b d r  

0 )  1 /2  
V 

( I n  r/r + - s 2K S 

(50)  

I n  o r d e r  t o  e v a l u a t e  t h i s  i n t e g r a l  one makes t h e  fo l low-  

i n g  s u b s t i t u t i o n s :  

x = I n  r/r 
S 

dr  = r eXdx 
S 

The i n t e g r a l  becomes 

eXdx 
(x + vO2/2K) 1 /2  

r 
S 

0 

(51)  

E q u a t i o n  51  is e v a l u a t e d  by t h e  f u r t h e r  s u b s t i t u t i o n s ,  

y = x + vO2/2K 

d y  = dx. 

2 Hence w e  have 

0 V ~ l n  rb/rs+vO 2 /2K e x p ( y - r K )  r 
-dY 1/2 Y 

2 

Y 0 and V 
r e x p ( - x )  7 I n  r /r +v '/2 e 

dY. (53)  .J--- 
- S b s O  

1 /2  T1 - Im . j v  0 2/2K Y 

I f  t h e  argument of 53 is expanded i n  a power s e r i e s  it  
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2 
0 {n-1/2) becomes V 

r exp  (-TI 7 I n  rb/rs+vO2/2K 00 Y 
z dY - n! J n=O 

S - 

vO2/2K (54)  
m T1 - 

The i n t e g r a t i o n  of 54 l e a d s  t o  
2 

2 
0 n+1/2 V 

( I n  r b / r s + F )  i 0 
V 

- r S exp(- 2 ~ )  co 1 
n!(nc1/2)  T1 - - 

@ n=O 

. .  . 

which can be f u r t h e r  s i m p l i f i e d  i n t o  
r) 

, 

by us ing  t h e  r e g i o n  K = - IKI and f a c t o r i n g .  

I n  t h e  second  r e g i o n  between r and rc t h e  e q u a t i o n  b 

of motion is 
"b 
r l n  r /r  

2 d r  = -  

'I'd t b c  

One d e f i n e s  t h e  c o n s t a n t  
L = - 4  'b 

m I n  rb/rc 

(57)  
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and t h e  f o l l o w i n g  e q u a t i o n  becomes identical t o  e q u a t i o n  

39 9 

2 d r  

d t 2  
L/r  . - =  

Using t h e  same s u b s t i t u t i o n  a s  t h a t  u sed  i n  39,  

e q u a t i o n  39 becomes 

The t o t a l  ene rgy  t h e  p a r t i c l e  h a s  g a i n e d  a t  rb is 

hence  

and from e q u a t i o n s  60 and 62  t h e  c o n s t a n t  is 

+ - L l n r b .  D = -  uO 
m m 

(53) 

S u b s t i t u t i n g  Equa t ion  63 i n  60 y i e l d s ,  a f t e r  s o l v i n g  f o r  

L 4 

We f u r t h e r  d e f i n e  t h e  c o n s t a n t  
2u0 + 2q(vs-vb) 

m H =  

and Equa t ion  64 becomes 



d r  
1 /2  d t  = 

F n  r/rb + H/2q 

which is i d e n t i c a l  i n  form t o  Equa t ion  49 .  One uses  

t h e  same methods employed i n  t h e  s o l u t i o n  of Equa t ion  49 

t o  o b t a i n  

In t h e  t h i r d  r e g i o n  between r and t h e  c o l l e c t o r  
C 

t h e  e q u a t i o n  of motion is 

hence  

2 d r  

d t 2  
m - = O  

G d r  
d t  
- = -  (69)  

where G is a c o n s t a n t  v e l o c i t y .  The minus s i g n  is 

i n t r o d u c e d  because  t h e  r a d i u s  v e c t o r  is t a k e n  p o s i t i v e  i n  

t h e  r a d i a l  d i r e c t i o n  whereas  t h e  r a d i a l  v e l o c i t y  is 

inward toward t h e  c o l l e c t o r .  We have t h e n  

r 
C 
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T 3 - z  - l r  c (711 

The ene rgy  of an i o n  r e a c h i n g  r is 
C 

1 2  
-mv 2 0  = q(vs-vb) + q(vb-vc) + uo 

b u t  v =0, hence 
C 

Now 

and 

2UO) 1 /2  Gc = v = (%vs  + -  
C m 

T3 = ( 2qvs + 2u0 ) l l 2  r C 
m 

(731 

(741 

(751 

The t o t a l  t r a n s i t  t i m e  is g iven  by Equa t ion  36 t o  be 
2 

2 
V 

( - U n  ( I n  's/rb -k &,)"+l'2 
0 V 

r s e x P ( m I  00 

n!(n+1/2) T =  //12Ki n=O 

) l l 2  r C 
+ (29vs + 2u0 

m (769 
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It is  i n t e r e s t i n g  t o  examine t h e  s p a c e  f o c u s i n g  

p r o p e r t i e s  of t h i s  c y l i n d r i c a l  t i m e - o f - f l i g h t  

s p e c t r o m e t e r .  We c o n s i d e r  a c y l i n d r i c a l  s p e c t r o m e t e r  

w i t h  g r i d  r a d i i  of 5.08 c m ,  4 .60  c m ,  and 4 . 1 2  c m .  I t  

is assumed t h a t  t h e r e  is no i n i t i a l  v e l o c i t y  s p r e a d  of 

i o n s  i n  t h e  p u l s i n g  r e g i o n .  With t h i s  c o n d i t i o n ,  

Equat ion  76 r e d u c e s  t o  

(Vs-Vb)ln rb / rc  )n+1/2 
- (  

'b 

Using t h e  boundary c o n d i t i o n s  t h a t  a t  r=ra,  v=v and 

a t  r = r  

is r e l a t e d  t o  Vs by 

a 

V=Vb, w i t h  Equa t ion  1 9 ,  i t  c a n  be s e e n  t h a t  va b '  

A d i g i t a l  computer program was developed  t o  i n v e s t i g a t e  

t h e  time s p r e a d  between t h r e e  i o n s  of t h e  same c h a r g e  

t o  mass r a t i o  b u t  d i f f e r e n t  v a l u e s  of rs. The v a l u e s  of 
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r chosen  f o r  t h e  t h r e e  i o n s  were 5 . 0 0  c m ,  4 .84  c m ,  and 

4 . 6 8  c m  r e s p e c t i v e l y .  One d e f i n e s  t h e  f o l l o w i n g  t i m e  

d i f f e r e n c e s  

§ 

AT1 =: T1 - T2 (79) 

where T1, T 2 ,  and T3 a r e  t h e  t o t a l  t i m e s  e ach  r e s p e c t i v e  

i o n  t a k e s  t o  t r a v e r s e  t h e  s p e c t r o m e t e r  f o r  a g i v e n  v a l u e  

of V a  and V b .  Equa t ion  81 t h e r e f o r e  y i e l d s  t h e  approxi -  

mate w i d t h  of t h e  r e c o r d e d  mass peak .  I t  f o l l o w s  t h a t  i f  

s p a c e  f o c u s i n g  is t o  occur  t h e r e  s h o u l d  be a minimum 

i n  t h e  a b s o l u t e  v a l u e s  of m1, AT2, and m3 f o r  some 

v a l u e  of t h e  r a t i o  V a / V b .  

o f  e a c h  t i m e  d i f f e r e n c e  ve r sus  Va /Vb .  

a t  a r a t i o  of  1.85/1 for AT3. 

i n d i c a t e s  a s h a r p e r  f o c u s  than  t h e  g raph  of F i g u r e  3 

F i g u r e  4 shows a computer p l o t  

The minimum o c c u r s  

The graph  of F i g u r e  4 

f o r  t h e  l i n e a r  s p e c t r o m e t e r  of t h e  same d imens ions .  

Hence t h e  s p a c e  f o c u s  c o n d i t i o n  is more c r i t i c a l  f o r  t h e  

c y l i n d r i c a l  s p e c t r o m e t e r .  
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3 . 3  A Time-of -Fl ight  Mass Spec t romete r  l_l__-----J--- Shaped 
II_____- 

F i g u r e  5 i l l u s t r a t e s  a pulsed-beam mass s p e c t r o m e t e r  

of wedge shaped  geometry w h i c h  may b e  c o n s i d e r e d  a seg-  

ment of t h e  c y l i n d r i c a l  s p e c t r o m e t e r  c o n s i d e r e d  above o 

The deve1opmen.t p r e c e d i n g  t h i s  s e c t i o n  may be c o n s i d e r e d  

a v a l i d  approx ima t ion  t o  t h e  wedge s p e c t r o m e t e r  p rov ided  

t h e  f o l l o w i n g  c o n d i t i o n s  o b t a i n .  The r ad i .u s  of each 

i n d i v i d u a l  g r i d  must be much l a r g e r  t h a n  t h e  d i f f e r e n c e  

i n  t h e  r a d i i  of s u c c e s s i v e  g r i d s ,  T h i s  i n s u r e s  t h a t  t h e  

f r i n g i n g  f i e l d s  i n  t h e  gaps  near  t h e  edges  of t h e  g r i d s  

may be  v a l i d l y  n e g l e c t e d .  The a n g l e  of t h e  wedge s h o u l d  

be  s u f f i c i e n t l y  l a r g e  t o  i n s u r e  t h a t  t h e  f i e l d s  e x i s t i n g  

i n  t h e  wedge a r e  c l o s e  t o  t h o s e  which e x i s t  i n  t h e  f u l l  

c y l i n d e r  

The p a r t i c u l a r  wedge s p e c t r o m e t e r  c o n s t r u c t e d  f o r  

t h i s  work d i f f e r s  from t h e  W i l e y  and McLaren i n s t r u m e n t  

n o t  o n l y  i.n geometry b u t  a l s o  i n  t h e  method of i o n  

i n t r o d u c t i o n .  In  t h i s  i n s t rumen t  t h e  i o n s  a r e  formed 

e x t e r n a l l y  and a re  i n j e c t e d  i n t o  t h e  p u l s i n g  r e g i o n  

i n s t e a d  of b e i n g  formed d i r e c t l y  i n  t h e  p u l s i n g  r e g i o n .  

Once t h e  i o n s  a r e  i n t r o d u c e d  i n t o  t h e  s p e c t r o m e t e r  a 

p u l s e  is a p p l i e d  t o  g r i d  1, The i o n s  a r e  a c c e l e r a t e d  by 

t h i s  p u l s e  i n t o  t h e  r e g i o n  between 2 and 3 and e v e n t u a l l y  

r e a c h  t h e  f i e l d  f r e e  r e g i o n  between 3 and t h e  c o l l e c t o r .  

The g r i d  3 is h e l d  a t  ground p o t e n t i a l  a s  is t h e  g r i d  4 
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which  i n s u r e s  t h a t  no c h a r g e  w i l l  be induced  on t h e  

c o l l e c t o r  b e f o r e  t h e  i o n s  p a s s  th rough  g r i d  4 .  A t  t h e  

e n e r g i e s  invo lved  i n  t h i s  s p e c t r o m e t e r  ( l ess  t h a n  100 

v o l t s ) ,  t h e  e f f ec t s  of  s econdary  e l e c t r o n s  a r e  n e g l i g i b l e .  

S i n c e  a l l  t h e  i o n s  l e a v e  t h e  s o u r c e  r e g i o n  w i t h  

c o n s t a n t  ene rgy  b u t  d i f f e r e n t  mass to  c h a r g e  r a t i o s  t h e y  

a r e  s e p a r a t e d  i n  t i m e  acco rd ing  t o  Equa t ion  76 above .  

Hence each  i o n  bunch homogeneous i n  mass t o  c h a r g e  

r a t i o  r e q u i r e s  a un ique  t r a n s i t  t i m e .  The s i g n a l  

r e c e i v e d  a t  t h e  c o l l e c t o r  is a m p l i f i e d  and d i s p l a y e d  on 

a n  o s c i l l o s c o p e  whose i n t e r n a l  t i m e  b a s e  is t r i g g e r e d  

by t h e  i n i t i a l  a c c e l e r a t i n g  p u l s e .  I n  t h i s  manner a mass 

s p e c t r u m  of the i o n s  under  i n v e s t i g a t i o n  is o b t a i n e d .  

I n  a c t u a l  p r a c t i c e  t h e  s p e c t r o m e t e r  of F i g u r e  5 

was t h e  f irst  v e r s i o n  t o  be t e s t e d .  I t  was though t  t h a t  

t he  f o c u s i n g  of t h e  i o n  bunches would be a d e q u a t e  t o  

o b t a i n  a d e t e c t a b l e  s i g n a l  a t  t h e  c o l l e c t o r .  The w i r e  

c o l l e c t o r  h a s  t h e  advantage  of hav ing  a s m a l l  c a p a c i t a n c e .  

I t  w a s  found b y  e x p e r i m e n t a l  and t h e o r e t i c a l  c o n s i d e r a -  

t i o n s  t h a t  t h e  f o c u s i n g  was not adequa te  t o  d e l i v e r  a 

s u f f i c i e n t  s i g n a l  t o  t h e  a m p l i f i e r s  i nvo lved  i n  t h e  

c o l l e c t o r  c i r c u i t .  

T h i s  problem w a s  c i rcumvented  b y  t h e  f o l l o w i n g  

methods.  The c o l l e c t o r  was g r e a t l y  e n l a r g e d  i n  order 

t o  i n t e r c e p t  a much g r e a t e r  pe rcen tage  of  t h e  i o n  c u r r e n t  

t h a n  t h e  w i r e .  A g a t i n g  system was added i n  o r d e r  t o  
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pe rmi t  t h e  u s e  of a l i m i t e d  r e s p o n s e  e l e c t r o m e t e r  

a m p l i f i e r .  T h i s  n u l l i f i e s  t h e  advan tage  of b e i n g  a b l e  

t o  sweep a comple te  spec t rum v e r y  r a p i d l y  b u t  y i e l d s  t h e  

p o s s i b i l i t y  of employing a n  i n s t r u m e n t  which is c a p a b l e  

of d e t e c t i n g  c u r r e n t s  of  10 -14 Amperes or  l e s s .  O t h e r  

m o d i f i c a t i o n s  i n c l u d e d  t h e  a d d i t i o n  of m e t a l  p l a t e s  t o  

t h e  t o p  and bot tom and bo th  s i d e s  of  t h e  wedge. I t  was 

p o s s i b l e  t o  s u p p l y  d c  p o t e n t i a l s  t o  t h e s e  p l a t e s  t o  

improve t h e  i o n  f o c u s i n g  c a p a b i l i t y  of t h e  i n s t r u m e n t .  

The p l a t e s  were a r r a n g e d  such  t h a t  t h e  a p p r o p r i a t e  

p o t e n t i a l s  would c a u s e  a f o c u s i n g  a c t i o n  toward t h e  

c o l l e c t o r .  A l l  t h e  m o d i f i c a t i o n s  mentioned above were 

i n c o r p o r a t e d  i n  s u c h  a f a & i o n t h a t  t h e  i n s t r u m e n t  c o u l d  

be o p e r a t e d  i n  e i t h e r  a g a t e d  o r  unga ted  mode. 

3 , 4  W o r k i n g l e  of Wedge S p e c t r o m e t e r  i n  t h e  -- - 
- Ungated Mode 

F i g u r e s  6 and 7 i l l u s t r a t e  t h e  m o d i f i c a t i o n s  made 

t o  t h e  o r i g i n a l  s p e c t r o m e t e r .  If one grounds  t h e  g r i d s  

4 ,  5 ,  and 6 t h e  s p e c t r o m e t e r  becomes i d e n t i c a l  w i t h  t h e  

o r i g i n a l  e x c e p t  f o r  t h e  e n l a r g e d  c o l l e c t o r  and t h e  

f o c u s i n g  p l a t e s .  The g r i d s  1. 2 ,  and 3 s e r v e  t h e  same 

f u n c t i o n s  a s  e x p l a i n e d  i n  t h e  p r e c e d i n g  s e c t i o n .  An 

example of t h e  t y p e  of d a t a  o b t a i n e d  w i t h  t h i s  s y s t e m  

w i l l  be g i v e n  l a t e r .  
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3.5  Working P r i n c i p l e  of  t h e  Wedge S p e c t r o m e t e r  i n  t h e  
Gated Mode 

The i o n s  under  i n v e s t i g a t i o n  may be i n j e c t e d  i n t o  

t h e  wedge s p e c t r o m e t e r  by one of two methods.  The f i r s t  

method c o n s i s t s  of i n j e c t i n g  t h e  i o n s  i n t o  t h e  p u l s i n g  

r e g i o n  d i r e c t l y  th rough  t h e  g r i d  1 a t  a n i n e t y  d e g r e e  

a n g l e  t o  t h e  c o l l e c t o r .  The second method c o n s i s t s  of 

i n j e c t i n g  t h e  i o n s  between 1 and 2 p a r a l l e l  t o  t h e  

c o l l e c t o r .  G r i d s  1 and 2 a r e  b o t h  h e l d  a t  t h e  same dc 

b i a s  v o l t a g e  w h i l e  t h e  p u l s e  is super imposed  on 1. 

The g r i d s  3 ,  4 ,  and 6 a r e  h e l d  a t  ground p o t e n t i a l .  

The g r i d s  4 ,  5,  and 6 c o n s t i t u t e  an  i o n  g a t , e .  The 

g r i d  5 is h e l d  a t  a dv v o l t a g e  comparable  w i t h  t h e  ene rgy  

g i v e n  t o  t h e  i o n  bunch i n  t h e  p u l s i n g  r e g i o n .  A t  t h e  

a p p r o p r i a t e  t i m e  a g a t e  is lowered by means of a v e r y  

s h o r t  d u r a t i o n  p u l s e  a p p l i e d  t o  5 .  T h i s  g a t e  p u l s e  is 

d e l a y e d  i n  t i m e  from t h e  i n i t i a l  a c c e l e r a t i n g  p u l s e  by a n  

amount of t i m e  which e x a c t l y  e q u a l s  t h e  t i m e  of f l i g h t  of 

a g roup  of i o n s  of one p a r t i c u l a r  mass t o  c h a r g e  r a t i o .  

I t  is n e c e s s a r y  f o r  t h e  g a t e  p u l s e  t o  be  a s  s h a r p  a s  

p o s s i b l e ,  t y p i c a l l y  50 nanoseconds,  i n  o r d e r  t o  i n s u r e  

t h a t  o n l y  i o n s  o f  one p a r t i c u l a r  mass t o  c h a r g e  r a t i o  

r e a c h  t h e  c o l l e c t o r .  A l o n g  d u r a t i o n  g a t e  p u l s e  w i l l  

c a u s e  poor  r e s o l u t i o n .  The g r i d s  4 and 6 a r e  grounded i n  

o r d e r  t o  p r e v e n t  f i e l d  p e n e t r a t i o n  i n t o  t h e  r e g i o n  between 

6 and t h e  c o l l e c t o r  and i n t o  t h e  z e r o  f i e l d  r e g i o n  
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between 3 and 4 ,  t h e  i o n  f l i g h t  p a t h .  The p o t e n t i a l s  

of g r i d s  1 and 2 a r e  a d j u s t e d  s u c h  t h a t  t h e  i o n s  a r e  

a c t u a l l y  focused  a t  t h e  g a t e  g r i d .  

In  a d d i t i o n  t o  t h e  a c t u a l  g r i d s  i n v o l v e d  i n  t h e  

c o n t r o l  of t h e  i o n  bunch, t h e  f i n a l  v e r s i o n  of t h e  

s p e c t r o m e t e r  i n c l u d e s  s i d e  p l a t e s  as i l l u s t r a t e d  i n  

F i g u r e  6 and t o p  and bot tom p l a t e s  a s  i l l u s t r a t e d  i n  

F i g u r e  7 ( o n l y  t h e  t o p  p l a t e  is i l l u s t r a t e d  i n  F i g u r e  7 ) .  

These p l a t e s  a r e  i n s u l a t e d  from a l l  g r i d s ,  By means of 

a p p r o p r i a t e  p o t e n t i a l s  a p p l i e d  t o  t h e  s i d e  and t o p  

p l a t e s  i t  is p o s s i b l e  t o  improve t h e  f o c u s i n g  of t h e  

i o n s  impiqging on t h e  g a t e ,  as  mentioned e a r l i e r ,  



. .  

CHAPTER IV 

EXPERIMENTAL APPARATUS 

4 . 1  D e s c r i p t i o n  of t h e  I o n i z a t i o n  Sources  

One of t h e  i o n  s o u r c e s  used i n  t e s t i n g  t h e  wedge 

s p e c t r o m e t e r  was a s u r f a c e  i o n i z a t i o n  s o u r c e  s i m i l a r  t o  

t h e  t y p e  d e s c r i b e d  by Kenda l l  and L u t h e r  (1966) .  A 

p l a t i n u m  b u t t o n  0 .3  c m  i n  d i ame te r  was spo twe lded  o n t o  

a t u n g s t e n  f i l a m e n t  i n  o r d e r  t o  p r o v i d e  an e q u i p o t e n t i a l  

s u r f a c e  from which i o n s  c o u l d  be e m i t t e d .  The  f i l a m e n t  

i t s e l f  w a s  h e a t e d  by an a l t e r n a t i n g  c u r r e n t  and h e l d  a t  

a f i x e d  dc  p o t e n t i a l .  T h i s  s o u r c e  may be cha rged  w i t h  

any one of a number of  s a l t s ,  i n c l u d i n g  sodium and 

p o t a s s i u m .  The s a l t  is p laced  i n  s o l u t i o n  w i t h  w a t e r  and 

t h e  b u t t o n  is h e a t e d  t o  abou t  180 d e g r e e s  C e n t i g r a d e  v i a  

i n f r a - r e d  lamps.  A d r o p  of t h e  c h a r g i n g  s o l u t i o n  is 

p l a c e d  on t h e  b u t t o n  and  t h e  wa te r  is f l a s h e d  o f f  l e a v i n g  

a f i n e  d u s t  of t h e  s a l t  on  t h e  b u t t o n .  

The o t h e r  t y p e  of s o u r c e  used  i n  t h e  a n a l y s i s  of 

g a s  samples  was a s t a n d a r d  e l e c t r o n  bombardment s o u r c e .  

The i o n s  a r e  formed b y  c o l l i s o n s  between gas  molecu le s  

and a n  e l e c t r o n  beam. These i o n s  a r e  c o n t i n u o u s l y  

e j e c t e d  from t h e  i o n i z a t i o n  r e g i o n  by an a p p r o p r i a t e  

r e p e l l i n g  p o t e n t i a l .  
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4.2 D e s c r i p t i o n  of t h e  Wedge S p e c t r o m e t e r  - 

The  d imens ions  of t h e  s p e c t r o m e t e r  i l l u s t r a t e d  i n  

F i g u r e s  6 and 7 a r e  t a b u l a t e d  i n  T a b l e  1 below. 

T a b l e  1 

Gr id  Spac ings  of t h e  Wedge S p e c t r o m e t e r  

The r a d i u s  of t h e  i n s t r u m e n t  is 5.08 c m  a s  measured from 

t h e  c o l l e c t o r  t o  t h e  o u t e r  g r i d ,  A l l  g r i d s  a r e  mounted 

on mica i n s u l a t o r s  and t h e  g r i d  m a t e r i a l  i t s e l f  is woven 

t u n g s t e n  mesh which c o n t a i n s  80 h o l e s  p e r  i n c h .  

4,3 E l e c t r o n i c s  of t h e  Ungated Wedge S p e c t r o m e t e r  

F i g u r e  8 i l l u s t r a t e s  a b l o c k  d i ag ram of t h e  

e l e c t r o n i c s  used  when t h e  g r i d s  4, 5, and 6 a r e  h e l d  a t  

ground p o t e n t i a l .  T h i s  mode of o p e r a t i o n  r e n d e r s  t h e  

g a t e  i n o p e r a t i v e  and p r o v i d e s  a r e g i o n  of  z e r o  e l ec t r i c  

f i e l d  between 3 and t h e  c o l l e c t o r .  The p u l s e d  g r i d ,  1, 

is h e l d  a t  a c o n s t a n t  d c  b i a s  v o l t a g e  v i a  t h e  v o l t a g e  
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d i v i d e r  network which a l s o  s u p p l i e s  a dc  v o l t a g e  t o  g r i d  

2 and t h e  t o p  and s i d e  p l a t e s .  The  s i g n a l  t h e  c o l l e c t o r  

receives c r e a t e s  a v o l t a g e  d r o p  a c r o s s  t h e  1000 Ohm 

r e s i s t o r .  The two a m p l i f i e r s ,  A and B ,  a r e  f a s t  rise 

p r e a m p l i f i e r s  w i t h  a maximum r iset ime of 6 nanoseconds 

and an i n p u t  impedance of one Megohm. These a m p l i f i e r s  

a r e  o p e r a t e d  i n  such  a f a s h i o n  t h a t  t h e  t o t a l  g a i n  of 

t h e  s y s t e m ,  i n c l u d i n g  a m p l i f i e r s  A ,  B ,  and t h e  o s c i l l o -  

s c o p e  p r e a m p l i f i e r  is approx ima te ly  1000.  ' T h i s  i n d i c a t e s  

t h a t  t h e  d e t e c t o r  c u r r e n t  which would c a u s e  a one c e n t i -  

meter d e f l e c t i o n  on t h e  o s c i l l o s c o p e  is a b o u t  5 ~ 1 0 ~ ~  

Amperes. The v a l u e  of r e s i s t a n c e  used  is t h e  maximum 

a l l o w a b l e  f o r  good f r equency  r e s p o n s e .  The d e t e c t e d  and 

a m p l i f i e d  s i g n a l  is f e d  th rough  a h i g h  p a s s  f i l t e r  i n  

o r d e r  t o  e l i m i n a t e  low f r equency  n o i s e  f rom t h e  mains .  

T h i s  f i l t e r e d  s i g n a l  is t h e n  d i s p l a y e d  on t h e  v e r t i c a l  

a x i s  of t h e  o s c i l l o s c o p e .  The h o r i z o n t a l  a x i s  of t h e  

o s c i l l o s c o p e  is c o n t r o l l e d  by t h e  i n t e r n a l ,  t i m e  b a s e  

c i r c u i t r y  which is t r i g g e r e d  by a s i g n a l  from t h e  p u l s e  

g e n e r a t o r .  The t r i g g e r i n g  s i g n a l  o c c u r s  a t  t h e  same t i m e  

a s  t h e  a c c e l e r a t i n g  p u l s e  a p p l i e d  t o  g r i d  1. 

The  o s c i l l o s c o p e  was equipped  w i t h  a d i s p l a y  

s c a n n e r  w h i c h  made p o s s i b l e  a g r a p h i c a l  r e c o r d  of  t h e  

mass spec t rum i n  a d d i t i o n  t o  t h e  v i s u a l  r e a d - o u t  of t h e  

ca thode  r a y  t u b e  i t s e l f .  An example of t h e  t y p e  of d a t a  

o b t a i n e d  i n  t h i s  mode of o p e r a t i o n  w i l l  be  g i v e n  i n  a 

. .  
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l a t e r  s e c t i o n .  

4 . 4  E l e c t r o n i c s  of t h e  Gated Wedge S p e c t r o m e t e r  

F i g u r e  9 is a b lock  diagram of  t h e  e l e c t r o n i c s  

a s s o c i a t e d  w i t h  t h e  wedge s p e c t r o m e t e r  when it  is opera-  

t e d  i n  t h e  g a t e d  mode. P u l s e  g e n e r a t o r  A s u p p l i e s  t h e  

i o n  a c c e l e r a t i n g  p u l s e  t o  g r i d  1 and a t  t h e  same t i m e  

t r i g g e r s  p u l s e  g e n e r a t o r  B .  The  p u l s e  g e n e r a t e d  by B 

may b e  d e l a y e d  i n  t i m e  from t h e  i n i t i a l  a c c e l e r a t i n g  

p u l s e  by means of a v a r i a b l e  d e l a y .  The d e l a y  is con- 

t r o l l e d  by a mechanica l  d r i v e  s y s t e m  c o n s i s t i n g  of a 

v a r i a b l e  s p e e d  motor which t u r n s  t h e  wipe r  of  a t e n  t u r n  

l i n e a r  p o t e n t i o m e t e r  whose r e s i s t a n c e  is 500 Ohms.  The 

d e l a y e d  p u l s e  is d i f f e r e n t i a t e d  and t h e  p o s i t i v e  p a r t  

o f  t h e  d i f f e r e n t i a t e d  p u l s e  is c l i p p e d  by a d i o d e .  T h i s  

d i f f e r e n t i a t i o n  and c l i p p i n g  is per formed i n  o r d e r  t o  

r e d u c e  t h e  w i d t h  a t  h a l f  h e i g h t  o f  t h e  d e l a y  p u l s e  t o  

50 nanoseconds .  T h i s  s h o r t  d u r a t i o n  n e g a t i v e  p u l s e  is 

a p p l i e d  t o  g r i d  5 a t  an  a p p r o p r i a t e  t i m e  t o  pe rmi t  one 

i o n  bunch homogeneous i n  mass t o  c h a r g e  r a t i o  th rough  

t h e  g a t e  t o  t h e  c o l l e c t o r .  A l l  o t h e r  i o n  bunches a r e  

b l o c k e d  by t h e  dc b a r r i e r  on g r i d  5 .  I t  is p o s s i b l e  by 

means of the dc  v o l t a g e  d i v i d e r  t o  s u p p l y  a p o t e n t i a l  t o  

b o t h  1 and 2 ,  a s  w e l l  a s  t h e  g a t e  g r i d  5 .  The g a t e  p u l s e  

swings  n e g a t i v e  from t h e  p o s i t i v e  b a r r i e r  p o t e n t i a l  i n  

o r d e r  t o  l e t  t h e  a p p r o p r i a t e  ion bunch r e a c h  t h e  collector: 
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The s i g n a l  is t h e n  f e d  t o  an  e l e c t r o m e t e r  t h r o u g h  a 

s p e c i a l  low n o i s e  c a b l e  marked c a b l e  A i n  F i g u r e  9 .  

T h i s  c a b l e  h a s  a g r a p h i t e  c o a t i n g  on t h e  i n s u l a t i o n  

between t h e  c e n t r a l  c o n d u c t o r  and t h e  b r a i d e d  s h i e l d  

which h e l p s  e l i m i n a t e  e x t r a n e o u s  s i g n a l s  due t o  

mechanica l  f l e x i n g  of t h e  c a b l e .  The e l e c t r o m e t e r ,  A ,  

which h a s  a n  i n p u t  impedance of 1015 O h m s ,  is used  t o  

mon i to r  t h e  c u r r e n t  a t  t h e  c o l l e c t o r .  I t  a m p l i f i e s  

t h e  s i g n a l  and f e e d s  i t  i n t o  t h e  Y a x i s  of t h e  X-Y 

r e c o r d e r .  A dc o f f s e t  is used t o  c o n t r o l  t h e  e f f e c t i v e  

dc l e v e l  of t h e  e l e c t r o m e t e r .  

The X a x i s  of t h e  r e c o r d e r  is c o n t r o l l e d  b y  t h e  

v o l t a g e  developed  a c r o s s  t h e  v a r i a b l e  r e s i s t o r  which 

c o n t r o l s  t h e  d e l a y  of t h e  g a t e  p u l s e .  Hence t h e  X a x i s  

of t h e  r e c o r d e r  may be g i v e n  a t i m e  c a l i b r a t i o n  b y  

m o n i t o r i n g  t h e  t i m e  d i f f e r e n c e  between t h e  i o n  

a c c e l e r a t i n g  p u l s e  and t h e  de l ayed  g a t e  p u l s e .  
4! 

Both t h e  a c c e l e r a t i n g  p u l s e  and t h e  g a t e  p u l s e  a r e  

mon i to red  by a d u a l  t r a c e  p r e a m p l i f i e r  i n  t h e  

o s c i l l o s c o p e .  The h o r i z o n t a l  a x i s  of t h e  o s c i l l o s c o p e  is 

c o n t r o l l e d  by t h e  i n t e r n a l  time b a s e  c i r c u i t r y  and t h e  

sweep is  t r i g g e r e d  by t h e  same s i g n a l  t h a t  t r i g g e r s  

p u l s e  g e n e r a t o r  B .  



CHAFTER V 

EXPERIMENTAL RESULTS' 

5 . 1 . 0  Mass S p e c t r a  Obta ined  W i t h  t h e  Ungated S p e c t r o m e t e r  

T h e  ungated  s p e c t r o m e t e r ,  i l l u s t r a t e d  i n  F i g u r e  8 ,  

was used t o  o b t a i n  t h e  spec t rum a p p e a r i n g  i n  F i g u r e  1 0 .  

T h i s  d a t a  was o b t a i n e d  u s i n g  t h e  s u r f a c e  i o n i z a t i o n  s o u r c e  

d e s c r i b e d  e a r l i e r .  The s o u r c e  had been cha rged  w i t h  a 

mix tu re  of sodium and po ta s s ium s a l t s .  The i o n s  were 

i n j e c t e d  d i r e c t l y  through g r i d  1 w i t h  an ene rgy  of 4 e V .  

G r i d  1 h e l d  a d c  p o t e n t i a l  of 20 V upon w h i c h  was supe r -  

imposed a p u l s e  of h e i g h t  20 V and w i d t h  0 . 5  mic roseconds .  

The p u l s e s  were a p p l i e d  a t  g r i d  1 a t  t h e  r a t e  of 100 K c  

p e r  second.  The g r i d  2 was h e l d  a t  20 V d c  and b o t h  s i d e  

p l a t e s  were h e l d  a t  50 V d c  w h i l e  t h e  t o p  and bot tom 

p l a t e s  had a p o t e n t i a l  of 200 V .  

5 . 2 . 0  Mass S p e c t r a  Ob ta ined  With t h e  Gated S p e c t r o m e t e r  

F i g u r e s  11 and 1 2  i l l u s t r a t e  t y p i c a l  d a t a  t a k e n  

w i t h  t h e  g a t e d  s p e c t r o m e t e r  and s u r f a c e  i o n i z a t i o n  s o u r c e .  

Both s p e c t r a  were produced unde r  i d e n t i c a l  c o n d i t i o n s  

e x c e p t  t h a t  i n  F i g u r e  11 a l l  f o c u s i n g  p l a t e s  were main- 

t a i n e d  a t  z e r o  v o l t s  whereas  i n  F i g u r e  12 t h e  s i d e  p l a t e s  

were ma in ta ined  a t  200 V o l t s .  The improvement i n  r e s o l v -  

i n g  power c a n  be  s e e n  a s  t h e  i n d i v i d u a l  sodium and 

p o t a s s i u m  peaks a r e  a lmos t  c o m p l e t e l y  r e s o l v e d .  

'The d a t a  i l l u s t r a t e d  i n  t h i s  s e c t i o n  of t h e  t h e s i s  was 
t a k e n  i n  c o n j u n c t i o n  w i t h  M a r t i n  F .  Z a b i e l s k i  of  t h e  
Ionosphere  Research  L a b o r a t o r y ,  Penn S t a t e  U n i v e r s i t y .  
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I I I t  I I 
IO 20 23 30 40 

MASS (a.m.u.) 
23 + 39 + 4iK+ 

MASS SPECTRUM OF No 1 K w  
FROM UNGATED SPECTROMETER 

FIGURE IO 

23 i- 39 + 41 i- MASS SPECTRUM OF N o  , K ,  K FROM GATED 
SPECTROMETER 

(DIFFERENT SAMPLE FROM THAT USED IN FIGURE IO)  
FIGURE I 1  
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MASS (a.  m.u.1 

23 4- 39 -t 41 4- MASS SPECTRUM OF N o ,  K ,  K ,FROM GATED 
SPECTROMETER WITH FOCUSING PLATES 

FIGURE 12 

n 
18 28 44 

MASS (a. m. u.) 

RESIDUAL GAS SPECTRUM FROM GATED SPECTROMETER 
FIGURE 13 
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The d a t a  i l l u s t r a t e d  i n  F i g u r e s  11 and 12 was 

o b t a i n e d  by f o r c i n g  t h e  i o n s  i n t o  t h e  p u l s i n g  r e g i o n  

d i r e c t l y  th rough  g r i d  1. The i o n s  e n t e r e d  t h e  s p e c t r o -  

meter w i t h  a n  ene rgy  of 9 eV. G r i d s  1 and 2 were 

m a i n t a i n e d  a t  a d c  p o t e n t i a l  of 15 V and a p u l s e  of h e i g h t  

20 V and wid th  0 . 4  microseconds was super imposed  upon 

t h e  d c  b i a s  of  g r i d  1. T h e  p u l s e  r e p e t i t i o n  r a t e  was 

100 K c  p e r  second and t h e  g a t e  g r i d  was ma in ta ined  a t  

22 V d c .  A p u l s e  of ampl i tude  -18 V and w i d t h  50 nano- 

s e c o n d s  worked downward from t h i s  dc  l e v e l .  The t y p i c a l  

peak h e i g h t s  of t h e  po ta s s ium i n  F i g u r e s  11 and 1 2  were 

7x10-l1 Amperes. A l l  d a t a  i l l u s t r a t e d  t h u s  f a r  was 

t a k e n  

5 . 2 . 1  

-7 a t  p r e s s u r e s  around 5x10 T o r r .  

R e s i d u a l  Gas A n a l y s i s  Using t h e  Gated S p e c t r o m e t e r  
and E l e c t r o n  Bombardment Source  

F i g u r e  13 i l l u s t r a t e s  a r e s i d u a l  g a s  a n a l y s i s  

per formed i n  c o n j u n c t i o n  w i t h  an  e l e c t r o n  bombardment 

i o n i z a t i o n  s o u r c e .  I n  t h i s  c a s e  t h e  i o n s  were i n t r o d u c e d  

i n t o  t h e  p u l s i n g  r e g i o n  between g r i d s  1 and 2 on a l i n e  

p a r a l l e l  t o  t h e  c o l l e c t o r  w i t h  a n  ene rgy  of 100 e V .  The 

g r i d  1 had a p u l s e  of 90 V h e i g h t  and 1 microsecond wid th  

super imposed  upon a dc  p o t e n t i a l  of 45 V .  Gr id  2 was 

h e l d  a t  50 V d c .  The g a t e  had a p o t e n t i a l  of 110 V and 

t h e  g a t e  p u l s e  dropped from t h i s  v a l u e  -38 V .  The 

r e p e t i t i o n  r a t e  was 30 K c  p e r  s e c o n d .  The t o p  and 
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bottom p l a t e s  were m a i n t a i n e d  a t  ground p o t e n t i a l  w h i l e  

t h e  s i d e  p l a t e s  each  o p e r a t e d  a t  150  V. The chamber 

p r e s s u r e  was ma in ta ined  a t  2 ~ 1 0 ~ ~  T o r r  a s  measured by a 

nude Bayard-Alpert  i o n i z a t i o n  gauge .  

5 . 2 . 2  High P r e s s u r e  O p e r a t i o n  

A s e r i e s  o f  t e s t s  were performed on t h e  g a t e d  

s p e c t r o m e t e r  i n  o r d e r  t o  f i n d  t h e  maximum p r e s s u r e  a t  

which t h e  i n s t r u m e n t  c o u l d  f u n c t i o n .  The s o u r c e  used  

i n  t h e s e  tests was t h e  s u r f a c e  i o n i z a t i o n  s o u r c e  w h i c h  

i n j e c t e d  t h e  i o n s  i n t o  t h e  s p e c t r o m e t e r  between g r i d s  1 

and 2 .  The i n s t r u m e n t  was t e s t ed  under  p r e s s u r e s  r a n g i n g  

from T o r r  t o  50 mic rons .  In s t rumen t  per formance  

d i d  not  d e t e r i o r a t e  u n t i l  t h e  p r e s s u r e  had r e a c h e d  50 

microns.  

I t  w i l l  be  n o t e d  here t h a t  t h e  upper  p r e s s u r e  

l i m i t ,  50 mic rons ,  is  a c o n s e r v a t i v e  e s t ima te  of t h e  

maximum o p e r a t i n g  p r e s s u r e .  The r e a s o n  f o r  t h i s  c a n  be 

found i n  t h e  manner i n  which t h e  i o n s  were i n j e c t e d  i n t o  

t h e  s p e c t r o m e t e r .  The i o n  beam had t o  t r a v e l  a d i s t a n c e  

comparable t o  t h e  l e n g t h  of  t h e  i o n  f l i g h t  p a t h  o f  t h e  

s p e c t r o m e t e r  b e f o r e  t h e y  e n t e r e d  t h e  p u l s i n g  r e g i o n .  I t  

is p o s s i b l e  t h a t  much of  t h e  d e t e r i o r a t i o n  of t h e  i n s t r u -  

ment performance was due t o  t h e  s c a t t e r i n g  of  i o n s  by 

r e s i d u a l  g a s  molecu le s  before  t h e y  a c t u a l l y  e n t e r e d  t h e  

p u l s i n g  r e g i o n  of t h e  s p e c t r o m e t e r .  T h i s  is p a r t i a l l y  



. .  
-51- 

v e r i f i e d  by t h e  f a c t  t h a t  t h e  i n s t r u m e n t  s e n s i t i v i t y  was 

s h a r p l y  r educed  a t  t h e  upper  p r e s s u r e  of 50 microns .  

I t  would appea r  t h a t  o n l y  a s m a l l  p e r c e n t a g e  of  t h e  i o n s  

l e a v i n g  t h e  s o u r c e  were a c t u a l l y  e n t e r i n g  t h e  p u l s i n g  

r e g i o n .  

-7 P r e s s u r e s  i n  t h e  r a n g e  of 10  T o r r  t o  T o r r  

were measured by a nude Bayard-Alpert  gauge l o c a t e d  i n  

t h e  e v a c u a t e d  chamber whereas  p r e s s u r e s  i n  t h e  r a n g e  1 

micron t o  50 microns were measured b y  a thermocouple  

gauge l o c a t e d  a t  t h e  same p l a c e .  

5 . 2 . 3  C a l i b r a t i o n  of t h e  Mass S c a l e  

An e x p e r i m e n t a l  c a l i b r a t i o n  of t h e  wedge s p e c t r o -  

meter was performed i n  o r d e r  t o  d e t e r m i n e  t h e  t i m e  

r e q u i r e d  f o r  a n  i o n  of a g i v e n  mass t o  c h a r g e  r a t i o  t o  

t r a v e r s e  t h e  s p e c t r o m e t e r .  T h i s  was accomplished by 

i n t r o d u c i n g  v a r i o u s  g a s  samples ,  one a t  a t i m e ,  i n t o  t h e  

vacuum chamber and pe r fo rming  a sweep of t h e  mass 

s p e c t r u m .  The i o n i z i n g  a g e n t  was t h e  e l e c t r o n  bombard- 

men t  s o u r c e .  F i g u r e  14  i l l u s t r a t e s  a t y p i c a l  spec t rum 

o b t a i n e d  when oxygen was i n t r o d u c e d  i n t o  t h e  chamber.  

The f i r s t  peak obse rved  is H20 

of t h e  w a t e r  c o n t e n t  of t h e  atmosphere i n  t h e  vacuum 

chamber ,  The second peak is t h e  oxygen peak .  (About 

f i v e  p e r c e n t  of t h e  O2 molecules  p r e s e n t  i n  t h e  

e v a c u a t e d  chamber w i l l  f r a c t u r e  under  e l e c t r o n  

+ w h i c h  is p r e s e n t  because  
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TIME CALIBRATION MASS SPECTRUM 
FIGURE 14 
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bombardment and form 0' which has  a mass of 16 amu. 

S i n c e  t h e  s p e c t r o m e t e r ' s  r e s o l v i n g  power is n o t  g r e a t  

enough t o  r e s o l v e  i n d i v i d u a l  peaks a t  mass 16  amu and 18 

amu, t h e  peak o c c u r r i n g  a t  1 . 3 5  microseconds  i n  F i g u r e  14  

is a combina t ion  of 0' and H20+). 

was per formed w i t h  N e ,  0 2 ,  C 0 2 ,  and X e .  F l i g h t  t i m e s  

were o b t a i n e d  f o r  a l l  these  gas  samples  unde r  s i m i l a r  

T h i s  t y p e  of a n a l y s i s  

c o n d i t i o n s .  The mass r ange  covered  stems from 18 arnu 

t o  131 amu b u t  t h e  m a j o r i t y  of g a s  samples  used  were i n  

t h e  r a n g e  from 18 amu t o  44 amu. T h i s  is predominant ly  

t h e  mass r a n g e  of  t h e  i o n s  found i n  t h e  lower i o n o s p h e r e .  

F i g u r e  15 is a p l o t  of t h e  s q u a r e  r o o t  of t h e  mass 

v e r s u s  f l i g h t  t i m e  f o r  i o n s  i n  t h e  mass r a n g e  between 18 

amu and 131 amu. I t  c a n  be s e e n  t h a t  t h e  f l i g h t  t i m e  

v a r i e s  i n  p r o p o r t i o n  t o  t h e  s q u a r e  r o o t  of t h e  mass a s  

is t o  be e x p e c t e d  o f  an  i n s t r u m e n t  of t h i s  n a t u r e .  

5 . 3 . 0  Reso lv ing  Power and S e n s i t i v i t y  

One way of d e f i n i n g  r e s o l v i n g  power is t h a t  t h e  

r e s o l v i n g  power a t  mass m ,  Rm,  is 

m = -  
Rm 

where Dm is t h e  w i d t h  a t  h a l f  h e i g h t  of  t h e  mass peak 

a t  mass m .  If one u s e s  t h i s  d e f i n i t i o n  i n  a p p l i c a t i o n  

t o  t h e  F i g u r e s  11, 1 2 ,  and 13 of t h i s  t h e s i s  one f i n d s  
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t h e  f o l l o w i n g .  

F i g u r e  11 y i e l d s  a r e s o l v i n g  power of  s l i g h t l y  l e s s  

t h a n  2 whereas  F i g u r e  12 i l l u s t r a t e s  a r e s o l v i n g  power of 

s l i g h t l y  ove r  3. T h i s  d e m o n s t r a t e s  t h e  s l i g h t  i n c r e a s e  

i n  r e s o l v i n g  power due t o  t h e  a d d i t i o n a l  f o c u s i n g  

a c t i o n  of t h e  f o c u s i n g  p l a t e s  of t h e  wedge s p e c t r o m e t e r .  

F i g u r e  13, t h e  f i r s t  r e s i d u a l  g a s  spec t rum,  i l l u s -  

t r a t e s  a r e s o l v i n g  power of about  6 a t  mass 18. I t  

a p p e a r s  a t  t h e  p r e s e n t  s t a t e  of development t h a t  a 

r e s o l v i n g  power of from 6 t o  10 is about  t h e  b e s t  t h a t  

is t o  be e x p e c t e d  from t h i s  p a r t i c u l a r  v e r s i o n  of t h e  

wedge s p e c t r o m e t e r .  However, a s  ment ioned e a r l i e r ,  

t h e r e  is a p o s s i b i l i t y  t h a t  t h i s  s p e c t r o m e t e r  can  be  

used  w i t h  p r o p e r  d a t a  p r o c e s s i n g  t e c h n i q u e s  t o  y i e l d  a 

r e s o l v i n g  power of 60 o r  more. 

Although t h e  wedge s p e c t r o m e t e r  is a low 

r e s o l u t i o n  d e v i c e ,  t h e  s e n s i t i v i t y  of t h e  i n s t r u m e n t  is 

q u i t e  h i g h .  I f  one assumes s i n g l y  cha rged  i o n s  of one 

p a r t i c u l a r  mass a r e  c o n t a i n e d  i n  t h e  p u l s i n g  r e g i o n ,  t h e  

a v e r a g e  c u r r e n t  c o l l e c t e d  is 

- 4  - 
'ave A t  

where Lq is t h e  amount of cha rge  o r i g i n a l l y  c o n t a i n e d  i n  

t h e  p u l s i n g  r e g i o n  and At is t h e  t i m e  i n t e r v a l  between 

p u l s e s .  The p u l s e  r e p e t i t i o n  r a t e  was t y p i c a l l y  30Kc p e r  
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s e c o n d .  I f  w e  assume t h a t  t h e  p u l s i n g  r e g i o n  c o m p l e t e l y  

r e f i l l s  w i t h  i o n s  a f t e r  each  p u l s e  and t h e  electrometer 

used  t o  mon i to r  t h e  g a t e d  c o l l e c t o r  c u r r e n t  c a n  de tec t  

Amperes t h e n  Aq is approx ima te ly  3 . 3 ~ 1 0  -17 Coulombs. 

S i n c e  t h e  volume of t h e  p u l s i n g  r e g i o n  is 7 . 2  c u b i c  

c e n t i m e t e r s ,  t h e  number d e n s i t y  of  p a r t i c l e s  needed t o  

o b s e r v e  a d e t e c t a b l e  mass peak is a b o u t  29 i o n s  p e r  

c u b i c  c e n t i m e t e r .  T h i s  is w e l l  w i t h i n  t h e  s e n s i t i v i t y  

r e q u i r e d  i n  i o n o s p h e r i c  i n v e s t i g a t i o n s .  



CHAPTER V I  

CONCLUS IONS 

6 . 1  Problems Encountered  i n  Recording Mass S p e c t r a  

The main problem encoun te red  i n  o b t a i n i n g  mass 

s p e c t r a  w i t h  t h e  g a t e d  s p e c t r o m e t e r  was e l i m i n a t i o n  of a 

c o n s t a n t  i o n  c u r r e n t  which  p e n e t r a t e d  t h e  g a t e  b a r r i e r  a t  

a l l  t i m e s .  T h i s  c o n s t a n t  i o n  c u r r e n t  is a consequence of 

t h e  b a s i c  c o n s t r u c t i o n  o f  the  i n s t r u m e n t .  I t  is 

poss ib l e  f o r  t h e  i o n s  t o  t r a v e l  a round t h e  ba r r i e r  g r i d  

because  of r a t h e r  l a r g e  c o n s t r u c t i o n a l  gaps  between t h e  

g a t e  g r i d  and t h e  t o p  and s i d e  p l a t e s .  Hence a f i n i t e  

c u r r e n t  a r r i v e d  a t  t h e  c o l l e c t o r  r e g a r d l e s s  of t h e  

magnitude of  t h e  p o t e n t i a l  b a r r i e r .  

Another  problem encoun te red  was t h e  g a t e  p u l s e  it- 

s e l f .  I n  o r d e r  t o  o b t a i n  a s h o r t  d u r a t i o n  g a t e  p u l s e  i t  

was n e c e s s a r y  t o  d i f f e r e n t i a t e  t h e  o u t p u t  of t h e  g a t e  

p u l s e  g e n e r a t o r  and t h e n  c l i p  t h e  unwanted p o r t i o n  of 

t he  d i f f e r e n t i a t e d  p u l s e  b y  means of a d i o d e .  T h i s  

p r o c e s s  s e v e r e l y  a t t e n u a t e s  t h e  magni tude of t h e  f i n a l  

g a t e  p u l s e .  I t  was found ,  however,  t h a t  t h e  g a t e  p u l s e  

was of s u f f i c i e n t  h e i g h t  t o  l e t  t h e  m a j o r i t y  of i o n s  of 

selected mass through t o  t h e  c o l l e c t o r .  

6 . 2  Sugges t ed  Improvements 

The r e s o l v i n g  power of  t h e  g a t e d  wedge s p e c t r o m e t e r  

may be i n c r e a s e d  b y  moving t h e  g r i d s  4 ,  5 ,  and 6 c loser  
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t o  t h e  c o l l e c t o r .  T h i s  w i l l  i n c r e a s e  t h e  o v e r a l l  i o n  

f l i g h t  p a t h  and t h e r e b y  i n c r e a s e  t h e  r e s o l v i n g  power. I t  

is though t  t h a t  t h i s  m o d i f i c a t i o n  w i l l  n o t  s e v e r e l y  

hamper t h e  i n s t r u m e n t s  a b i l i t y  t o  o p e r a t e  a t  h i g h  

p r e s s u r e s .  I t  is a l s o  p o s s i b l e  t o  r e d u c e  t h e  d i s t a n c e s  

between t h e  g r i d s  of t h e  g a t e  s y s t e m .  T h i s  w i l l  r educe  

t h e  amount of t i m e  t a k e n  t o  g a t e  an  i o n  bunch.  

The f i r s t  dynode of  an e l e c t r o n  m u l t i p l i e r  cou ld  be 

used  a s  t h e  c o l l e c t o r  which would i n c r e a s e  t h e  

s e n s i t i v i t y  of t h e  s p e c t r o m e t e r .  T h i s  may hamper t h e  

s p e c t r o m e t e r ' s  h i g h  p r e s s u r e  per formance  because  of 

p o s s i b l e  a r c i n g  between m u l t i p l i e r  dynodes.  

6.3 Summary 

The a n a l y s i s  of t h e  wedge t i m e - o f - f l i g h t  mass 

s p e c t r o m e t e r  h a s  shown t h a t  i t  c a n  be an  e f f e c t i v e  t o o l  

i n  d e t e r m i n i n g  t h e  i o n  compos i t ion  of t h e  upper  

a tmosphere .  The i n s t r u m e n t ' s  a b i l i t y  t o  o p e r a t e  a t  h i g h  

p r e s s u r e s  a l o n g  w i t h  i ts  h i g h  s e n s i t i v i t y  make f e a s i b l e  

b o t h  p o s i t i v e  and n e g a t i v e  i o n  i n v e s t i g a t i o n s  i n  t h e  D 

and E r e g i o n s  of  t h e  i o n o s p h e r e .  The s p e c t r o m e t e r  w i l l  

r e q u i r e  no e x t e r n a l  pumping and i t  may be f lown on s m a l l  

i n e x p e n s i v e  r o c k e t s .  
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